Summary
Each ring in ISABELLE will have 10 separately powered systematic field correction coils to make required corrections which are the same in corresponding magnets around the ring. These corrections include changing the V-value, shaping the working line in V- space, correction of field errors due to iron saturation effects, the conductor arrangements, the construction of the coil ends, diamagnetic effects in the superconductor and to rate-dependent induced currents. The twelve insertion quadrupoles in the insertion surrounding each crossing point will each have a quadrupole trim coil. The closed orbit will be controlled by a system of 84 horizontal dipole coils and 90 vertical dipole coils in each ring, each coil being separately powered. This system of dipole coils will also be used to correct the vertical dispersion at the crossing points. Two families of skew quadrupoles per ring will be provided for correction of the coupling between the horizontal and vertical motions. Altogether there will be 258 separately powered correction coils in each ring.
I. Systematic Field Correction Coils
The systematic field correction coils include quadrupole trim coils located in the quadrupoles, sextupole coils located in the dipoles, octupole coils located in the dipoles, decapole coils located in the dipoles, and duodecapole coils located in the quadrupoles. The quadrupole trim coils are divided into two families which are separately powered in order to be able to separately control \x and Vy. One family is located in the focusing quadrupoles, and the other in the defocusing quadrupoles. In a similar way, each of the above 5 multipole windings are divided into two separately powered families. The maximum sextupole field produced by the sextupole coils is b2 = 6 X 10-4/cm2 at 50 kG. The b2 required to make the chromaticity y = p dV/dp 2 is about b = 2 x 104/cmz in one family and b2 =-2 x 104/cm in the o?her family. The b2 introduced by iron saturation effects at high fields is estimated as about b2 -2.5 x 10-4.
0018-9499/79/0600-3595$00.75 i 1979 IEEE Octupole Coils. The octupole coils are primarily to shape the working line in v-space. The two families of octupole coils are located in the dipole in the same manner as the sextupole coils. The maximum capacity of the octupole coils is b3 -8 x 10-5/cm3 at 400 GeV.
The severest requirement on the size of the octupole coil appears to come from a possible brickwall effect at 400 GeV. The b3 = 8 x 10-5/cm3 can produce a vspread in the beam at 400 GeV of avx -AV = 2 x 10-3 assuming the energy spread in the beam is Ap/p = 1.5 x 10-3.
Decapole Coils. The decapole coils are to correct the decapole fields produced by iron saturation, superconducting diamagnetic effects, and eddy currents due to B during the acceleration stage, and to shape the working line in V-space. They are located in the dipoles in the same manner as the sextupoles. The maximum capacity of the decapole is b4 -5 x 106/cm4 at 400 GeV. The saturation effect at 50 kG is about b4 --4 x 10-6/cm4. Shaping the working line is primarily important at 30 GeV, and the decapole can produce a v-spread AV -Av = 0.6 over the beam at 30 GeV, assuming that the beam extends from Ap/p = 0 to Ap/p -0.01 at 30 GeV.
Duodecapole their corresponding $-maximum rather than at the 0-minimum reduces the residual error in the closed orbit between probes by about a factor of 8.
An effort was made to keep the size of the dipole correction coils down by relying on movement of the quadrupoles to accomplish large corrections. Most of the dipole correction coils have a capacity of 400 G, with the exception of the four vertical dipole coils, and the four horizontal dipole coils near each crossing point which are used for local steering of the beams at the crossing points and which have a capacity of 1000 G. It is assumed that the quadrupoles can be moved with an accuracy of 0.075 mm rms.
At the startup of the accelerator, the errors in the location of the quadrupoles of about 0.25 mm rms, and in the vertical alignment of the dipoles of 0.5 x 10-3 rad rms lead to a possible initial peak orbit displacement of 27 mm horizontally and 23 mm vertically with 90% probability. As a first step in the correction procedure, this large central orbit error will be corrected by moving all the quadrupoles around the ring. This is computed to lead to a remaining possible peak orbit error of 9 mm horizontally and 7.7 mm vertically with 90% probability, which results from the assumed accuracy in moving the quadrupoles of 0.075 mm rms.
In the second step of the correction procedure, the remaining closed orbit error is corrected using the dipole correction coils. This is computed to leave a possible remaining peak orbit error of 0.2 mm horizontally, and 0.4 mm vertically. In the computation of the result, the dipole correction coils were assumed to have a peak error of 0.1 G corresponding to a full scale power supply accuracy of 1 x 10-4. Errors due to inaccuracies in the beam position monitors were not included. The maximum required dipole correction found in the computer simulation was 100 G. If a particular required dipole correction is found to be more than 200 G, then this correction would be done by moving the corresponding quadrupole, so that at least 200 G of the 400 G capacity of the dipole correction coils would be available for further corrections.
Vertical dispersion, the dependence of the vertical closed orbit on the particle momentum, is also corrected using the closed correction system. This is done by dis 
IV. Insertion Quadrupole Trims
Each of the twelve quadrupoles in the insertion region surrounding each crossing point has a quadrupole trim coil. These quadrupole trims are to correct for differences in the iron saturation effect in the insertion quadrupoles and the main dipoles, and for the slight difference in the required effective lengths for the Ql, Q2, QIO and Q20 quadrupoles, the Q5, Q6, Q7, Q50, Q60 and Q70 quadrupoles, and the Q4 and Q40 quadrupoles. The expected iron saturation effect to be corrected is 3.5% in the field gradient.
By choosing the quadrupole lengths correctly, the total effective correction required for the two effects, the length variation and iron saturation effects, is about 2.5%.
Another effect that also may need corrections is the random variation in 0y and Ox at the crossing point, 
